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ABUTRACT

Au annlysils of current ocean bottom selsmometer technolopy has
rovanled that conventionul, free-fall devices whieh simply rest

m the aurticial seafloor sediments could provide portable stotions
with short perlod performance only equivalent to the higher nolse
land gstations loented on islands. However, by emplacing borehole-
type selsmometers beneath the surficlul seafloor sediments, the
broadband performance of occan bottom stutions could prove superior
to the best land statlons, In ract, by combining "state of the art”
broadband digital selsmometers with modern deep sea drllling and
ocean acoustic or sutellite telemetry methods, permanent subseafloor
stations with essentlally real-time communication are entirely feaa-

ible, A plan ror preliminury selsmlc research 1s swigested,
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T. TN'TRODUCTTON

Sipnifileantly, the world's most tectonically active areas are near the
deep scean’.  Theue nreng include the entlre Prelfic margin (i.e.,"the Ring
of Fire"), the Alpine~Himulayan tectonic belt extending from the Mediterran-
eun through the Middle East to Indonesla and, of course, the oceanic ridges
{see Fig, I-1). In fact nearly all of this entire area is within 50 of in-
ternutional waterds, kven the central Aslan tectonic bvelt ils only 20° from
the ocean., Clearly land stations are 1ot necessary to record data from
gse.umle events in these hiph seismicity areas.

The use of ocean bottom stations for regional survelllance ls predicated,
of course, on the abllity of such stations to detect and identlfy small events
ag effectlvely a8 alternetive land statlons, Unfortunately, adequate infor-
mation 18 not avallable to agzess the relative performance of ocean bottom
stations in a near-in, or regional context. Previous experiments in the
early 1960's indicated that ocean bottom stations would not be as effective
ag land stations for global teleselsmic survelllance, This Judgement was
bagsed on the obaervation that the background noise level, measured at several
sites by short perlod seismometers, was much higher than land stations. The
Instruments were deployed by simply dropping them onto the seafloor mud and
ooze, Although these lnstruments were not able to examine the long period
noise whlch earlier workers suggested was comparable to land observations,
extrapolation of the short period results suggested that long perlod noilse
levels would also be higher than land station levels. Accordingly, the con-
cept of using ocean bottom stations for teleselsmlc research was abarndoned in

the late 1960's.
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Toduy guch o Judpement may no longer be valld in view of' the substantial
advances in oceanorenphte bnatrmentation and techniques tor deploying and
recoveringg sonlloor devices,  TU oappenrs that modern digltal sel nmographs
rlhldly emplaced benoenth the seat'loor by deep asew drillinges ships, manned asub-
mersibles or remote control led manipulator ships can provide inexpennive
acenn bottom atations usoetul tfor both Loty period teleseiswmic and short
perlod replonal monltordng.  [u foct, by incorporating modern ncountic dats
totemetoring technlgues, 1t should be pongible to have epsentially real-time
mont tovlgs comparable to Land statlong,

Thin report suwnmarlzes the role that ORS's might play Lo selomle res
genraelt, our approach Ly twolold, trleaty we discuesas the advantages to uning
ORG pbationn that have come about from recent wdvances in ocecan techiolopy
and wecond, wo Jdellneate the recenreh tnoke which should be addressed In
the tmmoediate future o oorder to aceueately eatimate the wse fulnes o' wueh
atatlous, We nlpo prevsent backeronna materdal and o bibliopgraphy off porti=

nent retoronooi,
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11.  ADVANTAGES OF OCFAN BOTIOM STATTONG (OBS's)
A Seafloor OBS's ve Land Stations
Aside from thelr obviouy peopraphic depirability, OBS's may have
lmportant sefentlrfic and techinleal advantmres over land stations for
gelsmic regearch, Home of these are:
: 1. Increansed Signal Amplilitude

Although most previous experimenis have probably not provided

a falthful portraynl of true ground motion on the seafloor because of

poor coupling and high noise, 1t 1s clear that signal amplitudes from ;
earthquakes obgerved on the ocean floor are generally higher thnan those é
seen by a land station. For exumple, the ARPA-sponsored fleld tests off ;ﬁ
the Aleutian Islands in 1968 showrd that OBS-calculated m, values averaged i%
O0v2 unit preater than land station culeuluted values, This wes thought ;
to result from the fact that the rays travelled u slightly shorter path %
to the ocean bottom stations and, more important, they did not have to :'é
propaguate through a low Q continentnl crust. Also, more recent work has §

gshown attenuation along occeanic lithosphere paths to be extremely small,
Q values are estimated to exceed 6000, For the higher frequency band
which will be partlculnrly useful In regional monitoring, this signal
enhancement could be gignificant.

2. Lower Nolse

Deep ocean sites far from land would be relatively isolated
from the sources of heckground noise likely to affeet selsmic statilons,

These are: cultural nolse, breaking surf on coastlines, storm microselsms
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nd loenl ses surtoce waven or tldal current etfects,  In practice this
appedars to be the case.  Both the eurly work ot Lrmont. wnd the luter
ARPA=sponsored Texas Inostrunents fleld tensts showed decressed nolse with
fnerencing water depth and inerensing distanse from land,  The dominant
noise source le believed to be surt microselsms propagating out from
the coantline ng Rayleigh waves In the water mass and along the water-
seafloor Intertace (Fig, iI=1). The latter path is particularly energetic.

Table [ liats representatlve noise levels obsérved on land and on
the geatioor. Note that only the early Lamont workers reported short
perlod nolse amplitude levels comparable to those olserved on land
(i.e.y, 1L mu p=p in the 2«10 Hx band)., Indeed, these low noisc observations
prompted the flrst serious ARPA-sponsored ingquirles into the utility of
OB5's for seismle redearch, Unfortunntely, the early low noilse observi-
tions could not be substantiuted in more extensive fleld tests carried
out by T. I, in the mid=1960's, Noige amp’ ltudes were typlcally 2
orders of magnitude greater than those reported eariier (i.e., 100-300
mu @ 1 Hz),

It must be emphasized at thisz polut that, arter conslderini the field
method used to make background noise observations, the above apparent
high noilse levels may not have been 2 true measure ot solid-earth motions.
In the T, I. uystem and for thaut matter with most systems: (1) the

seinmometers simply rested on surfieisl, unconsolidated seafloor sediments
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and vore whooo selomosaeoustic propertices were not mueh dif'ferent than

fhe overly Ing walor mass (BFige el OGS position 1), and (11) most
cystems weed tall vertical feomes which protraded Into water mass Lo
houne thelr seismometors,  Thoae factas saggest that, such devicen probubly
recorded ovenn water as well s solldecarth ground motlon.  Significantly,
thope seal'Toor Instiruments with selomometers well coupled to the solid
curth and isolated from the "wlnd=1lke" motions induced on Lhe housing
f'rame by occean currents and tarbualence have shown short period notue
level:s npproaching the 1=10 mp levels obuerved ot the better land DRO
stutilons (Mble ), 'These {inelude the curly Lamont devices ot the
1950%s (31 mn) and the more recent Japnnose and Britlsh OBE'n (*05-50
mp), Notubly, tho ARPA=spousored Pexas Tnolmments deviecen ot the 1960'a
and most, U6, devices developed subsoquently have been plagued by mach
hirher notse levels.  Some phow strong frame=padiment, reponance.,

No recent studics off Jong period seat'loor nolge have been made,  In
et only the two Tong pertod 0BG 's developed at Lamont In the carly
1960 have hud gipntt ieant recording durat.long,  One of these, 4 shore
ecable connecbed dystom ottt Callforning, win operatod from the mid<19060%y
unt 1l thie mid=1970"s,  Unfortunately no detind Live analysia of nolne

from thie deviee hae been reoported,  However, ntformation

obnervations
from a short durstion recording (8.% days) of I Bermuda ahow noise amplitudes
aboit 2 ordery of mapnitude grenter than toduy'a typienl land SRO stations
(1oevy 5 nove 50 mp). Apain these mensnrements arve sublect Lo the same

(5]

doubls exprosscd about. the shorts period observations to thot Lhoae
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devicos were vonont 1nlly free=tall fnntruments reoting on Lhe nediment,
surtiee o Lhe sead’loor,

Tn sommary {0 appernres that the bot ter frec=tnl ]l ORSYa exloatinge
Laday hinve short period notse JTevels approaching lond stationo, o any
cave, thoy are more Lhan an order off magnl tude quieter than the Texag
Insbments devices ot Lhe 19608, These Tow nolae levels combined with
Lhe oxpeetoed higher algnnl amplibude one the veean loor auggents Lhag
evoer these simple seat' loor=type OBR Inotrumenta wo‘ulul have o B/N b to
unelul for reglonn ! monftoring,  With tmproved coupling ol the sefomometorn
Lo the polid carth and Lhete taolatton from witbeor motiony and resonnnice
offfects, Lt e probable that suboonttloor OBRS'n having Long nnd  ghort
poertod 878 ration higher than tand slatlong could be developed tor both
tolenelmmle and repglonnl reavnreh,

i More Untfoem Crust and Mantle Steactuare
The erunt and mont e steraebare bonealh Lhe ocean baglan fa now

krown to be mgeh pimpler than Chat beneally the continenta, The seaf loop
spronding hypothesto, penerally seceptbod by ocean setenbinbs Lo necount
ror Lhe formation of Lhe sentloor, proedicts Chat nearvly horlzoutal sab-
plante rock layerst undert e monst o Lhe deep ocenn, Only ol mideocenn
vidres, deep trenchen, and ocennle folands wbll there be sipnt fleant
Laternt Inhomopencity off enrth stractave,  Deep pea deb i binge, sefoutoe
rotraction, and gravity and mnpgnetbe memnntenents aupport. thin hypothenin,

Such aimple ayering fmphies thatt Targe aperture areny:s conld be

deployed Lo farther fmprove the S3/N eatlo by bewmtormbng o veloeily

PO
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thitering.  In fact many of the signnl proceaning problems cauned by the
nenv-Clield complestty off carth structure at land large aperture arraynp
(curey LABA, NORGAR) should uot be encountered. Ry sharply reducing
ulpgnnl<peneratod coherent noloe, a closer approach to the Tdend Ny
algnal to notoe eatio dmprovement might be realized.  The widenpread
uni tormity off earth obructure bienenth the ocenn aloo tmpl Log that much
Tovper areayn Lhan thone preact feat for land dnstallation could be bulit,
h, Simplitied Tnotatlation and Opuvnh{nn
The netunl on=glto deployment eftort and costo, oxelundive off
ship teansiting Lime, for dropping o freo=tall OBV or even for il Ling
o borehole In the rotativety voft neatloor matorialoy will probatly be
campatrable to the hard roek detltHgys noccupary tor fnotalling SRO sefumometory
I remote arenn of hoot nat tonn, nonny cuse, o borchale OB wint lon
should only roqulre o fow doyn Lo dnotall, Aloo, o borchole metntennnee
aloon weattoor lnstatiantion should be eequired boeatse o ground watoep
convee Llon problems abnee the high conduetivityy sub=nenbed matorialn
show amnl | geothernal pend fentn and Che ambiont temperature o low,

The operationnd advanlagme ot remole 0BG stat tong muy beoofpnileoant
ninee no on=slbe peroonnel are nvolved,s Alee, by employlineg neonat e
dotn telemetering toohnbgues, ahip conta for datn retetoval or conun tor
Interconuneet tng cablen o mntellite tolemetey neconsnry tfor real<t tne
dauta Tinko are oliminnted,  Furtheomore, olonee scount e tetemetoring o
penerally not Himbted Lo Pine of afehit, data Ceanemioaion wonld e

diertenlt to fnterrapt ot the gltes In feet, deep sound chame !l (SOrAR)
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hydrophones like the Alr Force's Missile Impact lLocating OSystem (MTI.8)
or naval systems could provide a reliable quasi-real time telemetry
capibllity on oaoglobal seale. O courdse, moored swatelllte telemetering
buoys with only loeal short range acoustic links to the OHS's or u
completely hurd-wired cable syutem could be used. These approaches would
probably make OBS costs more comparable to land statlons.
However, by merging the velsmie data telemelry with datu from a hydroucoustic
T-phase murvelllance hydrophone moored above in thé SOFAR channel, the
ORS system becomos more attractivae,

5, Greater Geographic Coveruge

Slhce oceuns veeupy T0% of the carth's surluce, it is difficult
to infer the selsmic structure benenth the ocean basins using only lund
stutions, Observations mude from lolund stations are llkely to be

13,lh. A

unrepresentutive of the broad ocean crust and mantle slructure
well distributed network of' oveun bottom selsmographs und/or large
aperture wrrays would t'111 this gap in our knowledge. Also, the low
level selsmlcetity of such important leaturcs as trenchs and mid-ocennic
ridges which are only unccesslible with 0B8's cun be examlned., Theue

ubgervations could have important ramifications for geuneral earthquake

regearch,
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B, Subgenafloor vs Seafloor 0BS's
The most effective method to improve both the signal coupling of

UBG'a to the nolid ecarth and to isolate them from noise propagating in
the oeenn water and along soft sediment layer/water Interface is to
rigidly mount the seismometer beneath the soft sediment layer (Fig, II-
1t OBS position 2).

1. Better Coupling to the Solid Earth

Competent nemi~consolidated sedimentary ﬁateriula are generally
found u few tens of meters beneath the unconsolidated surficinl seafloor
sediments, These deeper, lithified layers show sharp inereases in both
compregsional and shear weve veloclties and bulk density. In fact the
hard, crystalline ignecous rocks of the high Q oceanie crust are usually
covered by less than a few hundred meters of sedimentary materials in
most areas. Accordingly, a borcvhole-type OBS installation, much like
the present SRO stations, which 15 employed in the hard sediment or
on/within the oceanic basement rocks (Position 3 or 4) should provide
signal coupling vastly superior to free-fall devices resting on the soft
sediment/water interface. Also, the signal amplitude can be maximized
by silmply adjusting the overall Belamometer case density to match the
ncoustic impedence of the surrounding borehole rock materials,

2. Lower Roise

The depth of burlal necessary for the pelsmometer to attain a
significant noise reduction is probably only a few tens of meters due to

the sharp gradient in the seismo-acoustic properties of the soft seafloor

13
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sedimenta, A burled sceismometer 10 not only tsolated trom the wind=-like

nefse Tondueed by the ocenn curvents and turbulence on the houning frame

Lut the sort overlying surtiebal materioal may act much Tike n goundproot ing

Tayer which will absorb ocean generatod nolse,  1n addition the uire-
wilor nnd confloov=wnter Intortaces will geeve an of'ficiont reflectors
which ottoctively trap any propugating waven within the water volume
(noe right portion off e, Ti=-1),  Recent tooto conductod al Woods Hole
fn ohin ) low waler phowed more than o factor of Len reductlon in loeald
acent=-generetad nolue on oo verticnl component selsmometer buried only 2
meters benenth the seat'loor, Notably, some of the early lamont OBO's
which reported very low nolse levela had thedr sclsmometers in probes
whileh penetentod the neaf'lToor o tfew moters,

The cohorent microselom notye propagnting no Rayledgh waves In the
ogoan wobor nd atony the seat loor sediment fwntor intertace o aloo

o e

mtkedly attennted with Tnerensing depth oinee the shear wave velocelity
o the purticial sodipents ITnoonly nbout 0,2 km/pee (pee 1ol portion of
Fie, THat)y Mhus, the microsolom notoe witteh Lo sencratod beneath

break fngs ouet on distant beaeh surtacen docs not penetente very deeply

.

Inte the sot't sediment. layer.  Solamometers burlied 300-000 wetern benovat.h

the veattoor would be vivtunlly shielded ffrom thilo domlonnt source of
senfloar noise,
i Redueed Signnl Contamination

Gefnmic slpnaly received ol noseatftoor QR travel theough e

et winber s well an through the solid earth beneath the otation

W
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(Prouition 1 {n Fig., T1-1). ‘Those rays arriving at the OBS which are
reflected from the laval alre-sea surfoce interface, particularly contami-
nute the dirvect aciusmic arrival phases, This signal-generated noise not
only introduces apparent complexity and reverberation in the wave train

coda but they also tend to genernlly reduce aignal amplitude because of

I intorference. Accordingly, by locating the seinmometer in a borehole

benvath the seafloor surface, selomic signal entering the overlying

water mans and soft sediments will be effectively trapped much like
noive inltinlly generated in the ocean. In fact, selsmometerc near the
oceunle banement-hard sediment interfnce (Positions 3 and L) should be

virtually tree of reflected arrivals returning from overlying interfaces.
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PLE, SUGORSTED UNUTTAL &TUDLES
'
Inorder Lo necurately wnsens Lhe ubility o okitts foe o seloafe ro-
ceereehe the Pl lowine Tovestbeatlons ahoul O be andertaden,
AL doborminntion ot the True Solid Eeeth Notse lekground onoand
beneath the Seatloor
1, vubgent toar Nolse Mewsurementy o Borchoton
An ocean flold program wnlng the current boreholestype BRO
selamometers should be Inftinted to obtaln seatToor and subseatloor
notoe oboervationn, Thin program could be ptarted tmmediately unlng the
Geatoeh moadel Bhooo, Mhiw untt Lo opeckMoeally deatgned to it tn standord
B exploration pipe uged by ocenn drithing uhipo, Phese selomomnetoers,
al'tor approprinte Clold testing and moditiention ror mnrelne upe (doee
abindy D below), could fleat be Towersd into the many oxtoting obl explorie
tlon welle rtor tone und short=torm, ohuallow woaler meamarenents at varlous
Toenttonn,  Nest, deep wntbor meanutrements couwld bo made wilng holey
dirtlied by the Deep Sea Delbl g Program (08D1) ahip GLOMAR CHALLENG IR,
For the deep woater studies there are three ponstbliftion: o ™ee
work mipht be done as an integeal part off the GLOMAR s normnl crudee
operatiots, be L Te aluo posslble to wse o separate remote muand pul ator-
type ship sueh an the ALCOA BEAPROBE or GLOMAR BEXPLORRR to re=oecupy
proviously drilled holes and lmplant the nelamomoeters,  Thls lat Loy
approdeh fu Hkely to be more aultable for longer term obnervaliony
which otherwloe would Interrupt the CHALLENGER'G sehiedule. Howewvep,

arranpgenonts would have to be made with D Lo Teave hole re=ontry




cones ond acouwuntle trunspondery necessary for relocating the site, «c.
For shnllow penetration deployments in soft uvedimentury materiuls, o
manlpulntor ship ulone could Independently implant selsmometerus using

’ conventionnl "wash down" techniques. 'Phis approach might be the most

econumical nnd conventont 4 1t 18 found unnecessary to drill into the

hard ocean basoment to uchleve optlmum 8/N ratios.

‘ 2 Nolaoe Analysis of Previous and Current Sealfloor-type OBS Data

[}

Along with makinhg new borehole observations, exlsting long and

ghort. period sclomograms from the better-denigned geafloor OBS's should

be examined for noipe levels, Observations made on hard igneous rocks

phould be particularly valunble, The British and Japancoe lnstrumenta Kk

nre most Tikely to be most useful for ashort period observations., lor 3

longer period studiesn, the shore-cabled instrument operated of't Calitfornia

(Pt. Arenn) during the mid 1960'u-mid 1970's interval is probably the

1

only useful datn available, ]
B, Slgnal Level Comparison between Land and OBS Stations 'i

A vompuratlve study of the magnltude und spectral content of eventas _f
recorded at both OBS wnd land statlons should be made using both long 3
and short period data. The seafloor OBS device which operated of'f ?
|

' Callforniu during the period of extensive U,8. and Soviet underground é
teating ln the late 1960's will provide the most useful long perlod g
datn, Unfortunately, for short period comparisons, few of the current ?
geafloor OBG's have recorded teleseismic events. Exceptions are the g
|

?
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Japanese devieew deployed near the Japan and Kuell=Aleutian Trenches.
Ao, tfurther annlyasis of records from the qulcter Texas Instrumeonts
tevicves contd prove saitables None ot the current OBRS'g e belleved Lo
ve recorded naelear explosiong. For the subsceafloor OBS signal amplltude
compnrisong, future carthquakes nnd exploslona recorded during the
rout.ine borchote noloe monftoring progrun outlined above will provide
the tlrat unetal duta.

v, wave Porn Daerinlnndion Studlen

Whi o il b Likely that thoe well=-known wave toem dlscrdminants (oo,
r-l” Vit or depth) doveloped tor Land station reacarch will be applicable to
ocenn bottom atuatlony, nome differenees in gedomic nreival signaturen of
both explosiong and carthquakes are preobable, partleularly for those
atatlons with solsmometers bhurled docp benonth the peatloor.  Clearly
Lhesne atntlonn wlll not be on the free=surtucee approximated by land
slatlomte With 5 km of wateor and up Lo 1 km o senfloor sediment. above
them, theoe selamometers are enventially enclosed in the vibrating
mediun,  Accordingly, o reasearch program to study the response characteristices
o centloor sefamoprans and thele comparison with wavetorn Jdlserbminant in-
terpretattons from Land statlonn ahould be indtiated.  'This work misht in-
volve rflold experlment noy well o Laboratory annlyses and should begln an
soon w1 appeara Lhnt OBS'a may be usetul tor selomle reaearah,

D, Marine Adaptation of 8RO Land Seismonmetors

Atthough LU uppears that the borehole 8RO solsmometers (L.e.,
Geateoh modeln 36000 nnd W000) will be {deally suited to marine deployments,

theao anite have not yol been tested or adapted tor use on the oconn
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floor, Thus, it La cssentinl that t'leld testing to determine if equipment

or dealgn concept modificntions are required begln s soon as possible.

Inttinl studlies should Le done in shallow water where the ingtrumentn
cun be deployed in borcholes without need of large, expensive drilling

ships, Also direct data recording can be done by using a short cable

link to w nearby ship, platform or shore buse,

. In addition to the baslce evaluation of equipment design, signal

ampl itude and background nolse level meupurements at various depths

S DA s TIPSR T = T P

benealh the seatloor should be an essentinl part of these studles.

Aluo, u compardnon with conventilonal seaf'loor-type OBS's which simply

rest on the poft sediments would be useful. The execution of such
borehole selsmometor tests would probubly require a controlled environment
much like that utilized recently by the Office of Navnl Reasearch (ONR) :
to evaluate current free-full seafloor-type OBS depsipns., These evaluations
were done in cooperation with the U.8, Nuvy Torpedo Test Facility on
Puget Sound during June 1978, Navy divers and ships were used for
instrument deployment und recovery., Real-time on-shore datu recordings .
were made by linking the 0BS's to an underwater cable network. ARPA
participution in theae types of experiments in the future mlght be
advantageousn,

For deep water feasibllity testing of the borehole SRO seismometers,
off'=shore oll drilling platforms can be used. The seismometers could be
deployed in previously drilled holes, at relatively low cost, to goin

important information,

19
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Provhee sienn ] aned nedce annlynes onatlined above show eneonriygt g

roesulte, nomore gsystematle flold propgream would be approprinste, both

borehote and treo=tndl unfts might be deployed for longer perlods of

Lime in oropions of speeirie interest (eug., Kuriles, KunchntXe, Aleutlans)

s oweldl e oonon plobad sende, For thin work o ship dedlcated to OO

i}
1 deploymenty might be advantngeowt.  Internal recording devlices whope

il gl

ditn could bhe phyulenlly recovered or acoustically telemetered perlodienlly

to surface ships or submarines would probubly be the most ef'fective data

robtrioval nethod.

13, Remote Statlion Tuntnliatlon:

Asmaning, that the plobtal deployments indicate no slgnifeant wdvantage
tw wslwe borehnle OWY's for selomle resenrch, semi-permanent statlong

with dotn tranosmission Tinkn to shore bogses could then te installed in

specifle reglons of Interest. Theve 1lnko could use ncountic telemetry,

satelllbe tolometey, or enbles bo tranusmit the dota,  Nuelear power

untte would b required for leng Com operat fous. Geophysleonl studies
i
of' the sentloor structure belween the station and the repgion of intereot :
should be made to Insure Lhat moximun /N ratlo 1o attalned,  Interveninog ‘
[
low Q zonet should be partlculariy avolded for replonal monitordnog, -"
C, Remote Arvays
After the completion of o remobe notwork of nubueafloor ORG'e, 14 ‘
3
wny be approprlate bo tnstall large aperbige arrays Lo further lmprove ]
20 “
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slipnnl deteetion thresholds and diserimination cupability for a specific

region,. Apaln, peophysleal studles of the scafloor structure should be

mude before [nstatl Dy such arrays Lo fnsure o maximum 8/N ratio.
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APPENDIX I ~ BACKGROUND MATERIAL
A, Evolution of Ocean Bottom Seismographs

1. Early Studies

Ocean bottom seismographs have been in use since the late
19308, The first instruments were either tethered or free-fall short
period devices with internal recording. They were basically designed
for conducting selsmic refraction studies of crustal structurels'lG.
The work was supported by the U, S. Navy. After World War II, interest
17

in microseism phenomena™' brought development of lower frequency (2 Hz)
devices which could acoustlically telemeter data to & nearby ahiple.

The instruments were slso used for seismic refraction and earthquake
recording., These instruments showed good signal to nolse ratios.
Beckground noilse amplitudes at deep stations (>L800 meters) far from

land (>500 km) were reported to be less than 1 myu in the 2-10 Hz frequency
band (Teble I). These memsurements were comparable to the existing land
station observations of about 1 mp @ 1 Hle.

These early low noise measurements gpurred further development of even
lower frequency (fo = 1 Hz) short period ocean bottom devices and & true
long period (15 sec) instrument. The devices described by Sutton et al.to
had marked negative buoyancy (500-750 kg) and were deployed using tethered
anchors, They telemetered their data elther electrically vies a cable to
shore or acoustically to a nearby ship. The devices of Arnett and Newhouse

8,9

and Bradner et al. were ballasted free-fall instruments with slight posi-

tive buoyancy. All of the ebove instruments, ssve the Bradner et gl, device

23
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which Inserted o ghort aplke {into Lhe seafloor much like the early Rwiny and

3

. LA - "
faw g instruments, simply rested on the seafloor sediment-water lnterface.,

fuftial observatlons with these Instruments suppested that ocean bottom
sipnad ampl itudes were hilpgher than those at land statlons, particeularly st
hirher frequencles, However, the lower f'requency background nolse level also
uppesred Lo be hinherv’g—ll’goﬂph. tharp noilse penks in the 3=-6 Hz bond
wepe also noted,  The dominant low frequency noise (=8 sec period) was pen-
erally attributed to breaking surf-induced microselsms propapating from
constlines as Rayleiph waves ns well ns from locul pressure-induced dis-
turbances due to ocean swells pasalng over the lnatrument site, The hlpgher
frequengy nolse peakg were thought to be related to current disturbunces
transmitted through the iustrument frame. The increuwsed slignal amplitudes
were belleved to result from reduced attenuation due to the absence ol o
thick low Q continental crust beneath an vcean bottom site and possihle
focussing effects of air-sen surface reflected rays returning to the sea-
floor,  Tn pgeneral, these Flrat programg concluded that the ocean bottom
eould prove to be usetul Tor selsmlc research purposes. However, the some-
vhat hirher Lhan expected noise levels suppested that more representative

nolse measurements in the world's oceans should be muade, especially nt

'l
sediments free sltes 7,
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e Texas Instruments Experiments

In order to assess the potential S/N ratio advantage of 0BS's and
to evaluate thelr operational feaslbility for global scale nuclear
monitoring, the Texas Instruments Corp. {T.I.) conducted extensive field

tests during the 1966-08 period6’25’26. Instruments similar to those :

deseribed by Arnett and Nevhousel!

were deployed near the Kuril (1966)
and Aleutian (1967/68) Islands and in the Gulf of Mexico (1967). Nearly
all sites were in regions of thick sediment cover, The tests generally

cont'lrmed the increaged signal amplitudes found by the earlier workers,

However, the enhancement was not as dramatic as expected. For example,
the average mb magnitudes of earthquakes with periods averaging 0.6 sec
(1.67 Hz) were only 0.2 units higher than those calculated from land
stationa for the same evenis. Similarly, the low nolse levels reported
by earlier workers could not be duplicated, In fact, the lowest short
period noilge amplitudes were about 100=200 mp, not the 1 mu result of
Ewing and Ewingle. However, the T.,I. experiments were able to confirm
the general decrease in noise with increasing water depth (>4000 m) and
distaunce from land (>250 km). Unfortunately the character of the long
period noise gpectra below about 0.2 Hz could not be directly examined
with the 1 Hz T,I, instrument.

Theae disappointing results proved crucial to further development of

OBS's. First, they suggested that since virtually no algnal improvement

was gained in the short period band and that background nolse amplitudes

were about 2 orders of magnitude hipher than those at land stations, poorer




S e ion were Hkely tor 0[S, no mabLer where they were deployed,  comprired

Loo b atat oy, Second, by oxteapolathine the short poriod notae spoeten

varve Lo bower Mtequene ben (00 b)Y, BL appeneed Lhnt ol won bl e cvens e

we L thin land sbablonn for Tong perlod telenclbomiae resoaretr,

Thin anseasment, combined with the anticipatod pgronter expoensoe of

ot glationy due bo hiibgh tnttinl conty, tlme-conmmbng deployment nnd
cocovery mebthods, and il Loss pate, g well e the rapld advancen thon
bodnges made T dibettel alenal peaeocuninge o Tand selomonelor sy datay,

Lormminntod further work on 01 oxperimentn, Smphoaads Lurned towiosd Lhe el

et Lappe aporture aeenys such s BASA, NORCAR, and ALPA Por teleseiaate
e Lent mond Lovtuge and renoneel,

3 Bocont. O Reloboed Develdopmontn

Following the vartlor experlments, morine setimologtato sl rbod
Lhebe Dntorontn Loward glmple ahort perbod ocenn botLom se bunomebern od

hyedrophones wetat tor veliomde recraction and toend mloroenethqunke ntad e,

The rree o Nl Ronemeelr (ONKR) and Lhe Nattonad sebenee Foapebanbon o)

, . e
madnbalned modent, of ot al Seelpps nnbibal Ton o Seognogeenphy HUN!

Ao, e it inh (hiet) .

A
~h
LamonG=lobierty Geotopfond Obooepvatory’ °
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hh Bhen
Jpatiene (ndv, of Tokyo) o oand Lhe Soviets Moseow) oot bt 1

develop nabruament:s, Free=tUlontinge hydrophone syslenes: COONORTOY S Y e e

ecxtennively employed tor bobh setsmfe rertection/vernaetion sl microenrCh-
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In the mid=1970" renewed enthuginsm for short period OBS's wus
rencrnted by various aclentists working on carthquuke tectonlen at plute
boundnrices (Tee,, ridees and trenches) arnd detal led oceanie crusta)
structure,  Beginnlng in ubout 1973 naval Ilnterest In the neoustic-
gelsmle layering of the seufloor and new thruistys in emrthquake prediotion
have brought inereansed support {rom ONR and NSI, respectlvely., New
ndditional marine selumology groups have sprung up in the U5, at the

64=68

$]
, Texas {(Calventon

16,17,

(,
Universitlies of Californin (Sunta BurbaruIS/Scrlppn)

TOng’ i?:?"?h ’(5

y Oregon 7, Lamont Dohorty

84719 ind Woods Holet®,  Tn Burope

82
marine selsmology efforts have been recently inltiated in Frunnegl‘ Ty

!
Germuny83, and Brituina‘. Also the Canndiane (Bedtford Tnstitute) and

Aust i), Washington y Hawnld

Maspnchusetts Inatitute of Technology

Australiano (Australisn Natlonni Unlversity) are beginning to develop
instruments., Nearly uwll of the instruments currently operating are of
the free-Tall, internal recording type which simply rest on the seafloor,
The Japaneoe, Germun, and the British shallow water system are tethered
to an anchor and surtnce buoy. Some o' the Hownil OBS's telemeter thedlr
datn via a cable to shore or are radlo=linked via a vurface buoy. Most
are short duratlion analog recording devices with record intervals ranging
from a few hours to vbout 30 duys. The Seripps and MIT systems cmploy u

dlgital recorder. Hawall and Lamont also plan digltul aystems,

o7
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The peneral performance of these recently developed OBO's has been
uneven Lo uay the least, The most notable successes in attaining high
S/8 results have been made by the Britishs‘36 and Japaneae3'85 workers
in thelr studles of microenrthquakes near ridges and trenches, respoctively.
The British units have been able to record local ridge crest events
(»10-70 km away) as small as ML mugnitude 0 in the presence of short
period nolse of about 25=50 mus. The Jupanese instruments show similar
hih porformance results, In fact, the Japanese OBS's have been able to
demonntrate that the occanic lithosphere in the western Pacific shows
very low nttenuation., Q-values often exceed 6000 along paths extending
wver 1000 km seaward from the Japan-Kuril trencheaa. Walker et ul.,86
have confirmed these high Q=values using ocean bottom hydrophones,

(learly, the better OBS instruments of today have about an order of
manlitude hipgher 8/N ratio than the variocus devices bullt by Texas Instrunents
tn the mid=1960"s,

British nnd Japanese workers using essentially the same units
dlgeunsed above honve nlso carried oul geismie refraction studles on the
mldeAtlantic ridge and in the wesntern Pucific3'87. In fact, the Japanenc
have boonr able to detect retraction arrivals from 2 kg charpges Jdetonated In
wnter nt distences of' more than LOO km,

Relntively f'ew results have been reported to date by the many other
groups currently developing 0BS's. Significantly no background noise

measurementn are available. Most of these devices have been plagued by

two major geophysical problems; namely, poor solld-earth coupling which
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b renulted in low olgnal response, and tallure to lsolate the seismometery
tfor ovean witer-induced motions which hau caused high buckground noise,
Aluo,y Inmdegquate englineering ef'forts have resulted in o variety of
cquipment mal tunet.long,

The tormer geophysical problems are the most sericus. They both
probably rosult from the tact that mout OBS's simply rest on low denwsity,
utconno ! fdated surtriceinal sediment laywrs whose sclgmo-ucoustic properties
are ol much diftorent than the overlying seawnter (Fig, T0=1). That 1u,
thetr compreagional wave velocelitles Vp nre nearly oquul, (1.% ve 1.6
km/utee) whille the shear wave velocity V” of the sudiment is typleully
only 0.1-0,9 km/nuoTO’Sn'nn. Consequently, moust free-=fall OBS's are
In o mechanieal environment more reprosentative of the vcean water Lhan
the sentfloor rockos They are certainly not on the free surface of the
polid carth orust un are land selsmometoers,  Thus, the motion of' the
veenn tn well=coupled to the tnstranentn, particularly in those nearly
tuoyant OBV with tall vertical-trames houving thelr selsmometers,
while setlsmic aprtivals are dumped considerably due to the poor wcoustic
tmpedenes mntehing with the hardeor subscatloor layers.

The British and Japanene devices appear to have overcome the nolse
coupling problem by restricting thelr cxperiments to reglona where bare
rock outeropn on the mid=Atlantic ridge (L.e,, the British) and by
Judietoun denign of the velomometor and 1ty housing trame (1,0., Japanese
Inotrument).  The Japanese dovice o partlculurly well sulted for sed iment

coupling in that the sensor recording usystem Ly housed in a long non-
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bucyant cylinder which 1ley horlzontally on the gseafloor. Tt presents a

very jow protlle to any ocenn water dlsturbances much like the early

devicen devertbed by Bwing and leng]p. Nearly all other current

deviees incorporate n o tall tower=1ike froame wlih buoynnt, preasgure sphere
near thelr tops to house Instirumenty and expendable ballost anchors ot
thelr bauvew Lo provide only sllght negative buoyancy, fThe latter arrunge=
ment. not only couples poorly to the sediment but Lt may nldo redpond

mieh THRe nn inverted pendulum. It Lo probubly quite susceptible to

regonance and ocoeun wiater perturbntions,

Anothor factor which should be considered ror an OBS resting on or

in the vot't surficinl vediment layer 1s the likellhood that thio layer

i
i
i
1
o
i
A
1

wlll behnve as o wavepgulde.  'The nhurp shienr wave velocelty pradient

below und above the layer means thot shear waven (8) omergent nour an
OBS nwy be trapped boetween the water and the deeper hurd sediments and
rocek (Mg, 11=1). In fset, very strong prolonged silgnalis, purticularly
ot the hordrzonta) component, are usually observed in marine vetruction

¢ [e]
)1’9L. These

studles which tend Lo contaminate the direct arrivals
ulpgnalo are not sesn on neierby hydrophones. These of ffeety have servoed
to complleate interpretation off senfleor 0BS dnta recorded in repions of
thick sediment cover.

The major problems of OBS equipment deuign deflelencies and mnlfunce-
tiona have been: (1) complete fullure to recover the frec=rall luatrunents,

(1LY rallure of recording nand coutrol system to funetilon properly tn the

deep ovenn envirvonment, and (111) hwonalng frame resonances, All of
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these problems seem to have u common origin: lack of a coordineted
program to develop a comprehensive deslgn among the many investigators,
This situatlon is understandable when one conslders that OBS groups
in the U,0. are independently directed by more than 10 marine secientists
opernting with umall budgets from several sgencles with diverne interests,
Theoe agencies have inceluded ONR, NOF, USGS, and ERDA, Consequently,
A the cmphaslis of most programs has been to get o modicum of resultu an
quickly and as cheaply aus possible. Relatlvely little effort has gone

into the design of more reliuble and less nolsy instruments, In fact,

only those groups closely asuvociated with large ocean-oriented englneering

centers have been able to tuke advantage of the major advances made in

ovenn technology since 1968, For cxumple, the wcousiic release transponders,
digitul miceroprocessor recording and control techinques, and laboratory
deep oceun simulation testing common at oceanographlc centers today are
not incorporated in most 0BS designu. 3

h, Current OBS Research

The vecent efforts of the U.8. Navy to determine the smull scale .

aclsmo~aeoustic structure of the oceanie crust and lithoaphere has !
prompted the Ocean Acoustics Division of ONR to form o working group of f
U.8, seientints whose responaibiiity is to outline important objective993. j
This group has produced a series of rcecommendationa for future research. !

A major component of their proposed study includes the use of ocean

bhottom selsmometers (0BS'a) and hydrophones (OBH's) for refraction and

B

[v1a)

reflection menauramentn) «  These recommendations combined with the
k|
1
1
)
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rother lackluster performance of current U.S., ocesn bottom seismograph
programs has spurred ONR to undertake a systematic evaluation of current
Ok desfgne.  The essentlal element of' this evaluation was a shallow
witter fleld teat of the varlous OBS systems in Puget Sound during June
198, Ten university groups participated in the tests. Background
noise, microearthquuke responve and explosion signal levels were compared.
A report on these tests should be avalluble in early 197992.

The Puget Sound test was designed us a forerunner to a major selsmie

refraction/micromurthquake investigation of the Eagt Pacifle Rise structure
off Mexico planned for 1979 (Riviera Oceanie Seismic Experiment = Project

ROSE). "his will be a U.8, multieinstitutional study and will utiliwze

primarily free=full short period 0B8 devices with internal recording us
well nn conventilcenal surface ship selomle studles., A large array of
about h0 selsmometers with dimensions on the order of 100 km will be

deployed over the Riviera fructure zone (P1°N), Hydroacoustic studies

will also be done, Seismologists at Hawail have further suggested
deployment of a short period selsmometer in a GLOMAR CHALLENGER hole
which may be drilled in the ROSH ureugh. Also the Seripps and Lamont
aelsmology groups hope to deploy some longer veriod (10 sec) sealloor-
type OBS systums,

More recently, Woods lHole suientiatsgo initiated an ocean bottom
selsmle study comparing free-fnll instruments that rest on the bottom in

0 typlenl OBS tripod array with others that ure driven into the sediments

on a probe, much llke the enrly devices of the 1950's described by Bwing

)
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and Ewinglg. Jignificantly, shallow water tests showed that the probe

nolse level was more than an order of magnitude lower than the triped
and was independent of local ocean water motion (e.g., tides, surface
currents, and surface waves)., However, no difference in signal level
wad observed for explosive charges fired up to 4 km away.

In @& most recent OBS experiment, D. A. Matthews and R, Stephens of
the University of Cambridge (England) successfully deployed a commercial,
3-component short period selsmometer down & borehole drilled by the
GLOMAR CHALLENGER north of Puerto Rico (Site U417/418) in water over 5500
meters deep95. The purpose of the experiment was to conduct a fine
scale oblique reflection and refraction study of occeanic layers 2 and 3
and the overlying sediments. Although electrical nolse associated with
the drlll string prevented the use of meximum sensitivity of the instrument,
background noise levels were much lower than expected, In fact, selsmic
noise amplitudes were estimated to be much less than 120 mu at 10 Hz.

B, Hodern Land Selsmographs

The graduel evolution of ocean bottom selsmographs (OB8's) over the
last 40 years has been far cutpaced by the major advances made in land
seismology and marine technology during the lust 10 yeers. Thuse advances
in seismic techniques which have yet to be utillzed in 0BS applicatlons
include the following:

1, Seiemic Research Observatories (SRO's)
A global network of ultra-sensitive selsmological stations is

currently being establlshed under ARPA sponsorshipgs. These statlons

-
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tneorporate digital feedback 3-component selsmometers (Geotech 36000)
vhich have u dynamlce range of ubout 120 db In the 1-100 sec band, In
order to reduce background nolee at these stations, a eylindriecal shaped
selumometer cape (0" dla x 8' length) Ls deployed in a borehole ubout
100 meters deep, Nolse levels for stutlons far from the ccean coastline
(Loewy Albuquerque, Mashad) are typieally 0.5 mg (8P) and 10 my (LF).  On
Lalnnds (4.0, Ouam, New Zealand), the luvels are about an two orders of
mgnitude higher (see Table 1), Thus the best SRO land statlons show
short period nolse levels about 2 magnitude unity less than the best OBS
operating toduy while 1uland station performences are about equal to

current 0OB8'as,  Note that SRO long period nolse levels uare more than 2
10,11

ordery ot magnitude lower than even the eurly lamont OBS's
N Borehole=type Selamometors
The hiph pertormance aopects ot the borehole SRO type selumometer

moka 1t likely tlhat similar aystems will be wsed tor rfuture selsmoloplenl

C oS- PR -

regeutrch.,  Accordingly, Teledyne=tGeotech has recently developed n minlaturised
X prototype o' an 8RO=type melsmomaeter (Model MH00C) suitable ror future de-
pLoyments In conventional 4" ID oll exploration delll pipeQT. This unit's
pertormance ty similar to the standard model 36000 but 1t Ls broader band,
O=50 Hz,

The Model ULONQO car be oriented and will level itself in holes
drrllled as much as 15° offevertical versua 5° for the Model 36000. Both
Instrunents are alvo denigned to withstend high pressure in order to

facilitate thelr use as logging tovle in commercial deep oil drilling

N
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applleations, "These characteristics all combine to meke the borehole
ORO=type instrument ldeally sulted for subseafloor OBS applications. In
ract, the modol 30000 can be deployed witheut major modificatlon in the
11" diameter cased boreholes currently belng drilled by the GLOMAR
CHALLENGER.
3. Digitnl Slegnnl Analysis
The wideupread deployment of land seismic urrays (e.g., LASA,

NORSAR, ALPA) and the global SRO network hus spurred development of
advinced diglital procecsing to handie the large amount of duta Lhey
menerate. 'Today most modern eutomatlie detectlon and discrimination
techniques nre largely bvascd on the fuct that the data 1s In digital
form on a yuasi~real time bnainga. Sipnl fleantly, few of the current
0B3 devices huve digital recording, Most rely on internul analog magnetic
tape which must be digitized ufter recovery of the device from the
seufloor, Clearly the full power of digltal processing would be diffiecult,
it not impossible to apply to such OB3's in a research mode,

C. Modern Marine Technology

The dramatic progress made in verdtyilny current models of vcean
basin formatlon (plate tectonles) and the eiraulution ot the coceans and
atmospheres has been brought about by technologleal lunovations introduced
larpely since 1965, Those lunovations relevant to future OBY ptudies
inelude: deep sew drilling, remote viowing and tool manipulating,

manned submersible vehlcles, long term moorings, accustic telemetry and
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commatid=control systom, portnble nuelear power undts, and satellfto
Lelemetry Nome ol Lhese Lechnigque: wore operattonndly avid inble to the
ceonn aefonec commun ity b 1968,

: 1. Doep Ocean Tools und Repearch Vesoelas

Perhaps the most Important ocdvence in ogean technology has
breen the development ot spophlstlcated tools and rescuarch vesusels.  'These
wdvaneens hove revolutlontzed the way ocean selentista now appronch

serdToor reseoareh problems,  Tn the paut muny selentlots conolderoed the

vectnn oor Lo be about an ramote ap the vurtace ol the moon. Poduy,
due Lo the innovations mentioned above the ven (loor 1o no more inwccessible
than remote land areas.

o, KRemote Controlled Mondpulator Shipw

Followlng the louvy ol Lhe U8, nuclear sulmarines 'Throsher
(1963) and Heorplon (1968) In the Atlanble and a L8, nuelear weapon wnd
Lwo Foreien uubimarinen in the Moditorrean Sea, the U8, Navy utdertook o
progeam Lo develop o deep ocenn peareh and snlvage cnpubility.  There

wind o o vegquirement. for Installation and recovery of varlous cqgqulpuiernitn

Lo support noers U submarine oyevellanee operatlons,

To moeet, Lhase needn, several ahips and devicoen hnve been developed E

. . o]

which nllow opernbors on swrface vesseln o exumlue the seatloor and Lo i
. i

mandpulnte tooin ol the end ol long plpes, Lethored cables, or on free- '
cwimmbing vehdeles,  These systoms fnelude the elvillan shlpa GIOMAR ]
PXTLORER  ((Clobnd Marine Corp, ) and SEAPROBE (Woods Hole Ocoanoprnphie ;
»L‘
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Institution and Alcoa Corp.) which mount their menipulator tools at the
end of a long pipe. These ships have very large 1lifting capacity (>150
tons)., Naval systems include CURV, & tethered device, and a variety of
free-swimming vehicles. There are also several naval submarine rescue
ships with manipulator cepability., Together, these systems can operate
in nearly all ocean depths and can perform tasks ranging from the delicate
insertion of a 1ift hook into a small ring attached on a sonar projector
frame (SEAPROBE) to raising large portions of & Russian nuclear submarine
(EXPTORER). Also, CURV was used to recover a nuclear weapouu off Spain,
Clearly, any reasonably large obJect can be remotely installed and
recovered from the seafloor today by surface ships.

b. Manned Deep Submersible Vehicles

During the late 1960's the U.S. Navy also spurred development
of small manned submarines to asslst in search and salvage operations as
well as in eguipment installation and recovery tasks. They were also
planned as oceanographic research tools. These vehicles include the
DSRV ALVIN, operated by the Woods Hole Oceanographiec Institution and
s8lster-DSIVs SEACLIFF and TURTLE, which are operated hy the U.S. Navy.
A nuclear regearch submarine, NR-~l, and the bathyscaph, TRIESTE, are
also U.S. Navy vehlcles, The French Navy operates the deep research
submarine CYANA. The above vehicles, all developed since about 1966,
have virtually unlimited depth capability and can handle peyloads on the
order of hundreds of kilograms, With manipulating arms they have been

able to pick up small objects (rovk and plant samples, lost tools and

37

I R T e hacni i U
[SRTIOEES

© i e Dl i tdind e TR e e T

JRERRCI 2

e e el w i LmTheiwulD Late

g



e brument ) and have ansisted n Lthe recovery of loarge devices puch ns

1

the nuelear wenpon loat of't Spain, They have alio been used extensively

Por poologice roscarch progeams on the mid-oconn ridpgen Lo the North

ALtant e and Enatorn Paceltic Qeoenns,.
¢ Deep Bea Dellling Shipo
The veanel which han mude the greatest fmpuet on selentifie

obaervation ot the suboewtloor structwre hng been the Deep Hen Drllling

Mrogram'n ohip GLOMAR CHA.I..].II",NCA':HQ(). Thin ahlp, which only begun operationn

fn 968, s prosently enpable of drilling through the sediment, and Into
hard basement, roek o all deptho, soave the deep trenches.  Stoandard ofl
exploration type drllil plpe and bitg are aged. Penetration In hard
bramlble and dolerttic ook han Leen on the order off 500 m,  Maximum
sediment, penetreation hon been nppreatubly grenter (590 km)., T4 Io pospible
Lo dngtell 1" dlameter canding In holes up to 1 km deep. Muulpulator
ships wueh an the SPAPROBE can aluo peneliruate sovernl tens of melors
Into sort sedimentn by pumping water down bhie probe pipe. This "“wosh
dov" technlygue 1o also used by GLOMAR CHALLENGER Lo sturt ito holoes,
L ohould be noted that munerousy ol explorvuation Jdrilliing ashipn

bullt dhabigs the last 10 years hinve the capability of drllling very deep

holes (206 k), Iarge dismeter holes (F18" din) in shollow waters (<4900 m

doepth),
An Lmportant veltentifie reoult from Lhe CHALLENGER dedlling, which

o velevant to borehode 0BG deployment, lu the observatlon that the peo-

Llhiermal  preadionts In the hned gentloor sediments and rocke may be compnreable
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and perhaps lower than land surface gradlients in some reglous, This
awrpests that thermal conveetlion of seawuler 1n the borehole may be low
cnough to permft simple open hole gelsmometer Installationsn. Tor example,
in the small (34") diameter cusing envieloned for future HRO-type borehole
gedomometer instullations, the critical geothermul pgradient necessary

for conveetion tu begin is estinmnted to be on the order of 10°C/km at
2900100'101. Slgnificantly, the gradient recently observed in o deep

sea drilling borechole near the base of the sediment layer on the mlde
Atlntie ridge (69=300 metors penetration interval) was on this order
(13,6=00,4°C/knm @ 8°C)102. Deep boreholen on cooler older crunt nt the
ocean basin marging might be expected to show even smaller gradlents,
particularly within the high thermul conductivity basement rocks, In
contrast land surface and near-scofloor sediment gradients are typleally

Also, decp peafloor bLoreholes are not subject to
sbrong scugonal oand diurnal effects due to solar heating varintions and
groundwater level changes. Tt appears therefore that, with the obrerved
thermal gradlent near the ceritical gradient, very little i any convectinn
will occeur iu deep penetration seafloor boreholes, In nny case, by
senling the selomometer at the bottom of the hole with high viscosity
muds, convection effects can be sharply reduced.

N Ocean Acoustle Communication

Routine data telemetry, vehlele navigation, and command and

comtrol functions are now carried out by most ocean research groups.

Algo, many marine geophynleul exploration and oll nervice companies use

-
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Lhese teehinfques,  For example, it 1o now possible to track and, in some
caven, control submersiblen and tethored devices such as cameras, rock
dreede and Lhermal probey Lo within o few meters at ranges up to 10 km

10h R
wing aimple Gime-deloy pulse systemn . faet, phase measarement

nystemg can provide a position tix preciuvlon of a tew centimeters in the

104
deep oconn .

Vhort range scoustle data tolemetry, nlthough used in some ot the ) .

4

: curly OBy o routlnely uged for surfuce vessels to communiento with .3
submar tne vehleles nnd devieon.  Carrier freguencies on the ovder off 10 ,

kil wre used Lo obtaln maximum vanges of about 10-00 km with o 2 klv j‘

bandwidbi,  Longer range sceounblie tolemetry 1o done in the 200-300 Mo a

:

band,  OW nystemn operating in the BOFAR channel have achioved ranpges in

Lhie order of 1000 ki, For example, seiontlotn at Woods Hole and the

1.0 o

Unlversity of Rhode Tuland have now bepun to roubinely monitor neutrvally

buoynnt ¢ bomperature nnd pressure cemnlng lustrumenty floating in the NW

Atlantic SOMAR channel using shore based hydrophonun]06. fimd larly,

tixed ponar sourcer and recolvers are woed to meapure small acountle

. . ' ) N rov

fluetuntionn off the ocean'v bntoraad wave field over large distoances .

The maximam uselal bundwldth ot Lheose low carrier reguenclen 1o thought

Lo be only about 10 Hy,  However, Lt (o antletpated that wut even lower

carrior troguenelen, any 50 He, ocenn nofoe levels will be lower and a
108

pomewluil wider bandwldih and groeater range may Le attained ‘

Tnoany cvent LU should be polnted out thul a 10 He bandwldth fo

probubly more than adequabe for a gquusi-realtime selamile data communieation '
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with a single seafloor station. This 18 because observed micro-
earthquake activity even in such tectonically actlve areas as the Japan
Trench and the Mid-Atluntic Ridge is only on the order of 100 events per

doy. Since maximum event durations are usually less than 1 minute, this

means that by using automutic event detection techniques and a buffered

digital data storage system, simple time expansion of the event wavetrains

could easily provide ndequate bandwidth., For example, a4 time expansion

foctor of 5 would give a bandwidth of 50 H» und require un average date
tranmmission delay of only Y minutes, Transmission of three-component

data would Involve o 15 minute delay.

3, Satellite Telemetry and Navigation i

P Y

Although the ude of satellites for telecommunicution of data
between land sltes has been commonplace for many years, only recently
has 1t become wvaillable to marine seientists. It is now poesible to use

the U,8., Navy's stationary orbit SEASAT system to transmit damta from

ships and moored surface buoys in the Atlantile, Indian, and Pacific
oceans to U,3. land stations., This system would be more than adequate i
for & real-time OBS data monitoring link. Ocean bottom units could ]
telemeter dnta, elther acoustically or viu cable, to a satellite-linked
, surface buoy. One buoy could probably collect acoustic datu from an
array of OBSs up to 40 km in diameter without using cables at all, T
fact, 1f the mcoustic 1link were to use the UOFAR channel, cven larger i
arrays could be installed, However, in this latter case, short cables
would be necessary to connect wvach 0OBS to an overheud ponar transmitter

moored at the channel axis depth.

1
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It should wloo be noted thut satellites now provide accurate posi-
tloning information virtually anywhere on the world's oceans. Routine
position flxing of 000 meters ls now avallable to most Navy, ocean
roscareh, and larpe commercial ships. 'his enpability means that it la
posoible to re=vislt sltes where previous meswsurements und deploymants
were made.  thus, by attaching acougtic trwnsponder bescons to un oceun
bottom device, o surtace ship or submersible eau simply "home in" on the

inptrument tar its recovery. The ripk of losing expensive soufloor

devicen huu been drapstieally reduced. This technique, which i now
routinely ured mbourd ocean revearch und oll exploration ships hus only
become availuble since 1968,

L. Deep Oceun Mooringu

The durabllity of' both murfuce and sub=surfage mooringe hao

markedly improved during the 1970's,  Thio ie o result of extenuslve
deslgn analyses and fleld testing undertuken during the Mid-Geenn lynamicu

lixperiments (MODE) and the Olobal Atmospheric Reseurch Program (GARP)

09,

sponsored by ONR and N Tor those studles, large sub-surface

arrays of current meters and temperinture sensors were moored in the deep
ocenn nlong with purfuce buoys for alr-ses Interaction cbservutions.
Many of the moorings were deployed for as long as 6 months, some much
longet, 'The work clearly showed that it is not unreasonable to counsider
long term deployment in deep water (>.200 m) for perilods on the order of
n yenr, 1In fact, the National Oceanic and Atmosphere Adminlutrution

(NOM) 18 currently operutlng severul long term decp water surfuce
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moorings for weather forecasting purposes which telemeter their observations

to satellites., Ultimately 1t may be possible to have such moorings

replace all the remalning deep ocean weather ships operusted by the Coast
Guard.

5. Deep Ocean Power Sources

The rapld expansion of ocvean seience and space instrumentation
in the late 1960's has required the development of large, long term
remote power sources, Various types ot chemical cells (Lithium, cmdmium)

are now available which can continuwously produce several teno of watts

over o 3=-6 month period, These are usually more than adequate for most

research applicatlions., For loug term high power requirements such as in

satellites and some sonar systems, nuclear fuel cells have also been
developed, These units can provide hundreds of kilowatts for many
years, :!

Nuclear power unilts are particularly attractive for OBS regional

regseurch installations as compared to land stations. 1t may be that a ﬁ
host nation would not allow lund stations to be nuclear powered. Thus,

these atationa would be dependent on local power or batteriea., A nuclear

powered OB3 aystem would be completely secure from power interruptions.,

ORS neismic stations are an obvious application of available nuclear

power technology.
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